A histidine fermenting Clostridium was isolated in this laboratory by Dr. Arthur Kornberg by standard enrichment culture techniques. This bacterium, which can use either L-histidine or i-glutamic acid as a primary energy source, has been identified as Clostridium tetanomorphum (Breed et al., 1948 
A histidine fermenting Clostridium was isolated in this laboratory by Dr. Arthur Kornberg by standard enrichment culture techniques. This bacterium, which can use either L-histidine or i-glutamic acid as a primary energy source, has been identified as Clostridium tetanomorphum (Breed et al., 1948) . Cell suspensions of the organism have been shown to form carbon dioxide, ammonia, hydrogen, formate, acetate, and butyrate from L-histidine. The accumulation of at least one additional nitrogenous product is indicated by the relatively low (67-80 per cent) recovery of the nitrogen of histidine as ammonia. This paper demonstrates that formamide is a product of histidine fermentation and shows that it originates from the carbon at position 2 and the 5-nitrogen of the imidazole ring.
MATERILS A"D METHODS
Clostridium tetanomorphum was grown in one liter quantities on a medium containing 1.0 per cent yeast extract, 0.5 per cent rhistidine .HClI HIO (neutralized), 0.05 per cent sodium thioglycolate, 0.05 M potassium phosphate buffer pH 7.4, and inorganic salts. After addition of 1.0 per cent (v/v) of a 4 hour old inoculum, the organism was allowed to grow at 37 C in the absence of oxygen (pyrogallol-sodium carbonate seal). Cells were harvested by centrifugation when the optical density reached approximately 0.2 on the Evelyn colorimeter, using a 660 m;& filter and an 18.0 mm (OD) tube. The cells were washed twice and resuspended in 5-10 ml of a 1.0 per cent (w/v) sodium sulfate solution containing 0.05 per cent NaS*9H20.
The glutamic acid derivative, probably aformamidino glutaric acid, formed enzymatically from histidine by liver preparations (Tabor et al., 1953; Borek and Waelsch, 1953) (Berry et al., 1951 (1940) .
Resting cell experiments were carried out in evacuated flasks placed on a shaker at 37 C. Zero time and subsequent aliquots of the reaction mixture were either placed in a boiling water bath for two minutes or frozen in dry ice-isopropanol for at least 6 hours, allowed to thaw, and finally centrifuged at 4 C. The resulting supernatant was used for analyses.
Ammonia in neutral solution is retained by permutit, while formamide is not. This difference in chemical reactivity was employed for the separation of these two compounds. One ml of reaction mixture supernatant was passed through a column containing one g of permutit (38.5 mm2 by 40 mm). Formamide was washed through the column with 5 ml of distilled water, and then ammonia was eluted from the column with 10 ml of 30 per cent (w/v) KCI. To obtain formamide-nitrogen for N15 analysis, formamide was hydrolyzed by distilling in the presence of sodium hydroxide, and the liberated ammonia was collected in acid.
A micro-Kjeldahl digestion in the presence of HgO was used to convert histidine-nitrogen to ammonia (White and Secor, 1946) . Ammonia was distilled according to the procedure of Hiller et al. (1948) . For mass analysis, ammonia was converted to nitrogen by the hypobromite method (Rittenberg, 1947) , and N15 was estimated by means of a Consolidated-Nier mas spectrometer.
For 014 estimations, organic compounds were converted to barium carbonate. Histidine was oxidized to carbon dioxide with persulfate (Osburn and Werkman, 1932 (Friedemann, 1938) . Carbon dioxide derived from organic compounds was collected in barium hydroxide, and the resulting barium carbonate was washed and dried on aluminum discs for C14 estimation. Radioactivity measurements were made with a thin window Geiger counter. Detection of formamide. The possible accumulation of a compound similar to Tabor's liver histidine intermediate (Tabor et al., 1953) during the fermentation of L-histidine was investigated. It 88.701
Fermentation of C14 histidine. The formamide resulting from a resting cell fermentation of histidine labeled with C14 in the 2 position of the imidazole ring was found to be highly labeled (table 6 ). The data show that at least 78 per cent of the formamide carbon is derived from carbon 2 of the imidazole ring of histidine.
DISCUSSION
If a-formamidino glutaric acid, the liver histidine intermediate proposed by Walker and (Magasanik, 1953) , and formic acid has been identified as an oxidation product of histidine by P. fluoreecene (Tabor and Hayaishi, 1952 
